The polyquaternium 7 polymer is widely used in cosmetic formulations. Morphologic alterations in hair fibers were observed after the application of the polyquaternium 7 polymer, using SEM and AFM. Continuous applications of this product indicated that it accumulates on the fibers, improving the aspect of the hair surface. Quantitative analysis of the images obtained by AFM was undertaken. The data obtained for the hair surface roughness indicates that the fibers treated with the polymer presented higher roughness than the untreated hair fibers.
Introduction
The interactions between apolar solids and solids presenting low polarity take place by van der Waals type forces. These forces are labile and difficult to be analyzed by conventional methods. The hair is constituted basically by the keratin biopolymer. The keratin is formed by amino acids resulting in complex polymeric structures of low polarity. These polymeric structures interact with other polymers causing changes in the surfaces 1 . The study of the behavior of human hair surface is of great interest for the cosmetic science. The hair surface is responsible for the diffusion of compounds that promote changes in the cuticular surface, such as the cosmetic products that are deposited on the surface 1 . Polymers are usually used in hair cosmetic formulations for the improvement of the hair surface. The polymeric materials adhere to the hair surface by van der Waals type forces. Several techniques have been proposed for the evaluation of the morphologic changes in the hair surface after treatments with solutions containing polymers 1, 3 . Cationic polymers are very used in shampoo formulations. These compounds added to the formulation lead to several surface modifications that range from the formation of a protecting film on the hair fibers to the synergic action that improves the performance of other products toward the improvement of the features related to the aspect of hair, such as softness and easiness of combing. These structures interact with other polymeric structures, resulting in changes in the surface 1 . The polyquaternium 7 polymer is thoroughly used in cosmetic formulations. It is a cationic copolymer constituted by acrylamide and diallyldimethyl ammonium chloride.
Morphological changes of hair fibers, such as the ones due to the adsorption of polymers on hair fibers can be observed by means of SEM and AFM 1, 3 . The analysis based on SEM allows to evaluate gradual changes in the surface structure of human hair. Ruetsch et al., using field emission scanning electron microscopy (FESEM), monitored the effects of UV radiation on the physical nature of hair fibers. They observed solubilization of melanin granules that causes the loss of color of hair 2 . Atomic force microscopy, (AFM), has extensively proven to be useful for imaging nonconductive substrates. In this method, a sharp tip attached to a cantilever is used to measure the surface topography of the sample, which is scanned in the xy plane. The displacement of the tip, detected by a reflected laser beam and photodiode is used to adjust the sample position in the z direction in order to maintain a constant force. The feedback voltage provides the topographical (z) data. The attractive or repulsive forces that arise from the interactions between the surface of the sample and tip generate the digital images. The forces involved are of the order of 10 -9 N. AFM has two modes of applied force, contacting and noncontacting modes. In the contacting mode, the force that the cantilever exerts on the sample caused by displacements in the z-axis of the piezoelectric sensor, allows the quantification of surface properties of the material being analyzed. In noncontacting mode the image is obtained by tapping the surface with an oscillating tip that measures the van der Waals interactions 3,4 . Mattoso et al. 4 compared the AFM and SEM techniques to be applied in the analysis of polymeric materials. They indicate the advantages of AFM in terms of easier imaging of soft samples and obtaining better resolution of images at molecular and/or atomic scales.
Swift and Smith 5 , using AFM, had verified that the cuticular surfaces of hair did not appear to be as smooth as had been previously supposed to be, when evaluated by SEM. They had observed that different features of the hair fibers gradually change along its length from the root to the end of the fiber.
This paper presents results of the use of SEM and AFM to investigate the changes in the morphology of hair fibers submitted and not to a solution containing polyquaternium 7 polymer. The roughness of the surface is a feature of the hair morphology that will be herein discussed.
Experimental

Material
Untreated black Caucasian hair was obtained from De Meo Brothers, New York, USA. Hair tresses weighing approximately 1.0 g each one were prepared for this work.
Testing Bleaching:
The bleach solution was prepared by mixing a 6% hydrogen peroxide (H 2 O 2 ) solution with a concentrated ammonium hydroxide solution and ammonium persulfate powder in a 2:1:1 weight proportion, respectively. The hair tresses remained in the bleach solution for 30 min. The bleaching of the hair tresses without any further treatment is hereinafter called control bleached treatment.
Hydrogen peroxide is normally used in hair paints. Hairs damaged by the action of oxidizing agents such as peroxides probably adsorb a higher amount of polymers, due to the higher irregularity of the damaged hair surfaces, what increases the contact area and the number of the fiber surface charges 1 .
Treatment with polyquaternium 7 polymer:
The polyquaternium 7 polymer, see structure in Fig. 1 , was acquired from Ciba Company.
The hair tresses were washed 5 times with a solution containing 1% of polyquaternium 7. 200 µl of the solution were kept for 30 s in contact with the hair fibers, which were rinsed in distilled water for 1 min and then dried at room temperature. This procedure represents one washing. The treatment with the polymer is always performed in hair tresses previously submitted to bleaching.
Two techniques were used to evaluate the hair surface polymer interaction, as well as to investigate the hair bleaching process:
The Scanning Electron Microscopy (SEM) technique has been used to identify morphological changes on the hair surface.
Longitudinal segments of bleached untreated fibers and fibers treated with the polymer were mounted in an aluminum substrate at an angle of 45° and coated with gold with thickness of approximately 90 Å. The hair fiber topography was examined with a ZEISS 940-A digital SEM. The objective was to analyze the morphological alterations in untreated hair and in the polymer-treated hair.
The Atomic Force Microscopy (AFM) technique was used to analyze the hair morphology at different environmental conditions. It allows the direct study of the cuticle roughness. The 1% polymer solution was analyzed by the deposition of a fine layer on a glass substrate by using a spin-coater.
Atomic force microscopy studies were performed using a Digital III-Instrument under atmospheric conditions at 25 °C. Imaging was obtained in the contact mode using silicon nitride profile tips mounted in a cantilever of 3.6 nN force constant. AFM images were processed using the Nanoscope software.
Results and Discussion
SEM
Images obtained by SEM of control bleaching treatment showed damaged cuticle edges (Fig. 2a and 2b) . The bleached, hair treated 5 times with polyquaternium 7 solution showed a higher roughness, caused by the polymer deposition on the hair surface ( Fig. 3a and 3b) .
AFM
AFM three-dimensional images present details of the hair surface of 20 µm and 5 µm representing an enlargement of 8500× and 13000×, respectively (Fig. 4a -4b , 5a -5b and 6a -6b).
In Fig. 4a and 4b are showed the images of the polymer deposited on glass substrate by a spin-coater. The polymer morphology exhibits a rough surface with polymeric parti- cles of approximated 2.40 µm and their aggregates dispersed on the surface. The value of roughness of this surface was 2.543 nm ± 0.16, as measured by AFM, see Table 1 .
In Fig. 5a -5b and 6a -6b are presented surface images of untreated and polyquaternium 7 treated hair fibers, respectively. Figures 5a and 5bB show the degraded cuticle surface and the detail of a cuticle face with the formation of pores, caused by the bleaching solution (Fig. 5b) .
The root mean square (RMS) surface roughness of the bleached hair can be calculated by using the software of the AFM instrument. These data supply the quantification of the degradations suffered by the hair in the bleaching treat- ment ( Fig. 6a and 6b) . The bleached hair, treated with polyquaternium 7 presents a higher surface roughness than the control bleached hair images, indicating that the polymer interacted with the hair surface, remaining on the surface, even after the rinses (Fig. 6a -6b ). This result suggests that a kind of film is deposited on the bleached hair. This statement is supported by the diminishment of the static load observed in the hair treated with polyquaternium 7. The easier combing observed for the polymer-treated hair supports this reasoning.
The changes in the surface of the hair fibers can be quantified by a software called Nanoscope. In the AFM images it is possible to quantify the roughness of the total area and of small selected areas on the cuticular surface (Fig. 7) .
The root mean square (RMS) roughness of a bleached hair and of a hair treated with a polyquaternium 7 was calculated using the Nanoscope software. The medium roughness values obtained after each treatment are presented in Table 1 , as well the roughness of a surface of the polymer deposited on a glass substrate, as previously commented. Its was observed that the polyquaternium 7 polymer deposited on the hair surface increases the hair surface roughness. The change in the bleached hair surface roughness observed upon the treating with the polymer indicates its adsorption on the hair fibers. The interaction between the hair surface and the polymer suggested by the roughness modification can cause a decrease in the static load of the hair, increasing the softness of the hair by the decrease of the attrition among the fibers.
Conclusions
The use of SEM allowed to evaluate the morphological changes occurred in the bleached hair surface submitted or not to a treatment with polyquaternium 7.
This study has shown that AFM is an excellent analytical technique to supply quantitative information on the mor-phological changes in the hair under ambient conditions.
The polyquaternium 7 polymer interacted with the hair surface, increasing the hair surface roughness. This result, the SEM images, the decrease of static loads and the easier combing of the polymer-treated hair indicate that a kind of film is deposited on the bleached hair, upon such a treatment.
